Introduction
============

Protein oxidation leads to loss of protein function and often cell death via necrotic or apoptotic processes \[[@b1]\]. Nitric oxide (NO), produced from the conversion of L-arginine to L-citrulline by the enzyme NO synthase, reacts with superoxide radical anion (O~2~^--.^) forming the reactive product, peroxynitrite (ONOO --). There are at least three different forms of NO synthase (iNOS, eNOS and nNOS). Peroxynitrite, in the presence of CO^2^, can decompose to reactive intermediates that then combine with a tyrosine residue at the meta position to form 3-nitrotyrosine (3-NT) \[[@b2]\]. Previous research has shown that peroxynitrite can interact with proteins \[[@b3]\], lipids \[[@b5]\], DNA \[[@b6]\] and RNA \[[@b8]\] to promote damage in these biological molecules. Tyrosine nitration is associated with Alzheimer\'s disease (AD) \[[@b9]\] as well as Parkinson\'s Disease \[[@b10]\]. γ-glutamylcysteinylethyl ester (GCEE), a derivative of -glutamyl-cysteine, can cross the blood--brain barrier (BBB) and has been proven to prevent peroxynitrite-induced damage by up-regulating glutathione production \[[@b11]\]. Lipoic acid has also been used to combat protein nitration \[[@b12]\] as has -tocopherol \[[@b13]\]. Increased protein nitration also can lead to an elevated release of reactive nitrogen species (RNS) and detrimental cellular effects. Nitration of proteins results in the inactivation of several important mammalian proteins, such as MnSOD \[[@b14]\], glyceraldehyde 3-phosphate dehydrogenase \[[@b18]\], actin, \[[@b20]\], synaptic proteins \[[@b22]\] and tyrosine hydroxylase \[[@b23]\], among others.

Mild cognitive impairment (MCI) is seen as a transitional stage between the cognitive changes of normal aging and the more serious problems caused by AD \[[@b25]\]. MCI can be divided into two broad subtypes: amnestic (memory-affecting) MCI or non-amnestic MCI \[[@b27]\]. Other functions, such as language, attention and visuospatial skills, may be impaired in either type. Pathologically, MCI brain shows mild degradation of the hippocampus, sulci and gyri using magnetic resonance imaging technology \[[@b29]\]. AD patients have considerably greater degradation in these aforementioned areas. Since the hippocampus is the region of the brain primarily responsible for processing memory, it is clearly understandable why those persons with AD and MCI have memory loss. The rate of amnestic (memory-related) MCI conversion to AD is roughly 10--15% per year; however, in some cases MCI individuals can revert to normal \[[@b26]\]. Recent work has shown that protein synthesis in MCI brain may also be affected \[[@b30]\].

Brain from subjects with MCI has elevated levels of 3-NT \[[@b31]\]. By using a redox proteomics-based approach \[[@b32]\], the brain proteins that are nitrated in MCI patients can be identified. A previous study from our laboratory identified carbonylated proteins in the MCI hippocampus \[[@b33]\]. The aim of this study was to identify the nitrated proteins in the hippocampus and inferior parietal lobule of amnestic MCI subjects relative to control brain regions and compare these nitrated proteins to those that are known to be nitrated in AD \[[@b2]\].

Materials and methods
=====================

Subjects and materials
----------------------

Six MCI samples and their age-matched controls were provided by the Rapid Autopsy Program of the University of Kentucky Alzheimer\'s Disease Clinical Center (UK ADC). Demographic data for all subjects are shown in [Table 1](#tbl1){ref-type="table"}. As also indicated in [Table 1](#tbl1){ref-type="table"}, the postmortem interval (PMI) prior to the acquisition of brain samples was approximately 3 hrs, an added advantage in studies of human brain. All subjects came from the UK ADC longitudinally followed normal control group and had annual neuropsychological testing and neurological and physical examinations every 2 years. Control subjects had no cognitive complaints, normal cognitive test scores, normal objective memory test scores and normal neurological examinations. MCI patients met the following criteria: a memory complaint confirmed by an associate; objective memory test impairment (age and education adjusted); general normal global intellectual function and Clinical Dementia Rating score of 0.0 to 0.5 (no dementia); and a clinical evaluation that revealed no other cause for memory decline \[[@b34]\].

###### 

Demographic data of the control and MCI subjects

  **Samples N = 6**   **Post-mortem Interval (h)**   **Age (years)**   **Sex**   **Brain Weight (g)**
  ------------------- ------------------------------ ----------------- --------- ----------------------
  **Control**         2.9 ± 0.5                      82 ± 2.6          4F, 2M    1259 ± 44
  **MCI**             3.1 ± 0.4                      88 ± 1.5          4F, 2M    1121 ± 25

All chemicals were of the highest purity and were obtained from Sigma-Aldrich (St. Louis, MO, USA). The anti-rabbit IgG (secondary antibody), and anti-nitrotyrosine antibody were purchased from Sigma-Aldrich.

Sample preparation
------------------

Protein samples (250 μg) were precipitated by addition of ice-cold 100% trichloroacetic acid (TCA) to a final concentration of 15% for 10 min on ice. Precipitates were centrifuged for 2 min at 14,000 x g at 4°C. The pellet was retained and washed three times with 1 ml of 1:1: (v/v) ethyl acetate/ethanol three times. The final pellet was dissolved in rehydration buffer (8M urea, 2M thiourea, 2% CHAPS, 0.2% (v/v) biolytes, 50 mM dithiothreitol (DTT) and bromophenol blue). Samples were sonicated in rehydration buffer three times for 15 sec intervals.

Two-dimensional gel electrophoresis
-----------------------------------

Two-dimensional polyacrylamide gel electrophoresis was performed with a Bio-Rad system using 110-mm pH 3--10 immobilized pH gradients (IPG) strips and Criterion 8--16% resolving gels. IPG strips were actively rehydrated at 50V 20°C followed by isoelectric focusing: 800 V for 2 hrs linear gradient, 1200 V for 4 hrs slow gradient, 8000 V for 8 hrs linear gradient and 8000 V for 10 hrs rapid gradient. Gel strips were equilibrated for 10 min prior to second- dimension separation in solution A (0.375M Tris-HCl, pH 8.8 containing 6 M urea (Bio-Rad, Hercules, CA, USA), 2% (w/v) sodium dodecyl sulfate (SDS), 20% (v/v glycerol, and 0.5% DTT (Bio-Rad)) followed by re-equilibration for 10 min in solution B (0.375M Tris-HCl pH 8.8 containing 6 M urea (Bio-Rad, Hercules, CA), 2% (w/v) SDS, 20% (v/v glycerol, and 4.5% iodoacetamide (IA) (Bio-Rad)). Control and MCI strips were placed on the Criterion gels, unstained molecular standards were applied, and electrophoresis was performed at 200 V for 65 min.

SYPRO ruby staining
-------------------

Gels were fixed in a solution containing 10% (v/v) methanol, 7% (v/v) acetic acid for 20 min and stained overnight at room temperature with agitation in 50 ml of SYPRO Ruby gel stain (Bio-Rad). Gels were then destained with 50 ml deionized water overnight.

Immunochemical detection
------------------------

For immunoblotting analysis, electrophoresis was performed as stated previously, and gels were transferred to a nitrocellulose membrane. The membranes were blocked with 3% bovine serum albumin (BSA) in phosphate-buffered saline containing 0.01% (w/v) sodium azide and 0.2% (v/v) Tween 20 (PBST) overnight at 4°C. The membranes were incubated with anti-nitrotyrosine polyclonal antibody (3-NT) (Sigma-Aldrich), diluted 1:100 in wash blot for 2 hr at room temperature with rocking. Following completion of the primary antibody incubation, the membranes were washed three times in wash blot for 5 min each. An anti-rabbit IgG alkaline phosphatase secondary antibody (Sigma, St. Louis, MO, USA) was diluted 1:3000 in wash blot and incubated with the membranes for 2 hrs at room temperature. The membranes were washed in wash blot three times for 5 min and developed using Sigmafast Tablets (BCIP/NBT substrate) (Sigma) to yield 2D Western blots.

In-gel digestion
----------------

Samples were prepared according to the method described by Thongboonkerd *et al.*\[[@b35]\]. Briefly, the protein spots were cut and removed from the gel with a clean razor blade. The gel pieces were placed into individual, clean 1.5 ml microcentrifuge tubes and kept overnight at --20°C. The gel pieces were thawed and washed with 0.1 M ammonium bicarbonate (NH~4~HCO~3~) (Sigma) for 15 min at room temperature. Acetonitrile (Sigma) was added to the gel pieces and incubated for an additional 15 min. The liquid was removed and the gel pieces were allowed to dry. The gel pieces were rehydrated with 20 mM DTT (Bio-Rad) in 0.1 M NH~4~HCO~3~ (Sigma) and incubated for 45 min at 56°C. The DTT was removed and replaced with 55 mM IA (Bio-Rad) in 0.1 M NH~4~HCO~3~ for 30 min in the dark at room temperature. The liquid was drawn off and the gel pieces were incubated with 50 mM NH~4~HCO~3~ at room temperature for 15 min. Acetonitrile was added to the gel pieces for 15 min at room temperature. All solvents were removed and the gel pieces were allowed to dry for 30 min. The gel pieces were rehydrated with addition of a minimal volume of 20 ng/ml modified trypsin (Promega, Madison, WI, USA) in 50mM NH~4~HCO~3~. The gel pieces were chopped and incubated with shaking overnight (∼18 hrs) at 37°C.

Analysis of gel images
----------------------

The analysis of gel maps and membranes compare protein expression and tyrosine nitration content between control and MCI hippocampal samples was performed with PDQuest image analysis software (Bio-Rad). The immunoreactivity of the Western blot was normalized to the actual protein content as measured by the intensity of a SYPRO ruby (Molecular Probes, Eugene, OR, USA) protein stain. Images from SYPRO ruby-stained gels, used to measure protein content, were obtained using a UV transilluminator (ex = 470 nm, em = 618 nm; Molecular Dynamics, Sunnyvale, CA, USA). Comassie blue stained gels and blots were scanned with Adobe Photoshop on a Microtek Scanmaker 4900.

Mass spectrometry
-----------------

All mass spectra were obtained at the University of Louisville Mass Spectrometry Facility on a Bruker Autoflex MALDI TOF (matrix assisted laser desorption-time of flight) mass spectrometer (Bruker Daltonic, Billerica, MA, USA) operated in the reflectron mode to generate peptide mass fingerprints. Peptides resulting form ingel digestion were analysed on a 384 position, 600 m Anchor-Chip(tm) Target (Bruker Daltonics, Bremen, Germany) and prepared according to AnchorChip recommendations (AnchorChip Technology, Rev. 2; Bruker Daltonics). Briefly, 1 L of tryptic digest was mixed with 1 ml of alpha-cyano-4-hydroxycinnamic acid (0.3 mg/ml in ethanol: acetone, 2:1 ratio) directly on the target and allowed to dry at room temperature. The sample spot was washed with 1 l of 1% TFA solution for approximately 60 sec. The TFA droplet was gently blown off the sample spot with compressed air. The resulting diffuse sample spot was recrystallized (refocused) using 1 l of a solution of ethanol: acetone: 0.1% TFA (6:3:1 ratio). Reported spectra are a summation of 100 laser shots. External calibration of the mass axis was used for acquisition and internal calibration using either trypsin autolysis ions or matrix clusters and was applied after acquisition for accurate mass determination.

Analysis of peptide sequences
-----------------------------

Peptide mass fingerprinting was used to identify proteins from tryptic peptide fragments by utilizing the MASCOT search engine (<http://www.matrixscience.com>) based on the entire National Center for Biotechnology Information (NCBI) protein database. Database searches were conducted allowing for up to one missed trypsin cleavage and using the assumption that the peptides were monoisotopic, oxidized at methionione residues, and carbamiodomethylated at cysteine residues. Mass tolerance of 100 ppm/g was the window of error allowed for matching the peptide mass vales. Probability-based MOWSE scores were estimated by comparison of search results against estimated random match population and were reported as --10 \* Log~10~ (*P*), where *P* is the probability that the identification of the protein is not correct. All protein identifications were in the expected size and pI range based on position in the gel.

Immunoprecipitation method
--------------------------

MCI hippocampus samples (250 g) were first pre-cleared using protein A/G--agarose (Pharmacia, USA) for 1 hr at 4°C. The samples were incubated overnight with anti- HSPA8 (HSP70) (Chemicon, Temecula, CA, USA), followed by 1 hr of incubation with protein A/G--agarose then washed three times with buffer B (50 mM Tris--HCl (pH 8.0), 150 mM NaCl, and 1% NP40). Proteins were solubilized in IEF rehydration buffer followed by 2D electrophoresis and 2D Western blot (Bio-Rad). The blots were probed with anti-HSPA8 and were detected by the alkaline-phosphatase-linked secondary antibody (Sigma) as previously described \[[@b36]\].

Statistical analysis
--------------------

Statistical comparisons of 3-nitrotyrosine protein levels on 2D gels and corresponding matched anti-3NT positive spots, respectively, on 2D-Western blots from MCI hippocampal samples and age-matched control samples, were performed using ANOVA. Pvalues of \< 0.05 were considered to be significant. Similarly, after protein identification using the NCBI database, a MOWSE score equal to or greater than 64 was considered to be significant.

Results
=======

Nitrated proteins in the MCI and control hippocampus and inferior parietal lobule (IPL) were identified immunochemically using 2D-gels and 2D-western blots. These gels and blots were compared using the PDQUEST software package to deduce the individual protein spots that were found to be significantly nitrated in MCI compared to those of control based on 3-NT immunoreactivity ([Figs. 1](#fig01A){ref-type="fig"} and [2](#fig02A){ref-type="fig"}). As previously reported in other papers by using this approach \[[@b2]\], we confirmed that not all of the protein spots in MCI with increased immunoreactivity are excessively modified proteins compared to control. We identified five proteins that were significantly nitrated in MCI hippocampus [Fig. 1D](#fig01B){ref-type="fig"}). Malate dehydrogenase (MDH) was identified as one of the protein that showed a trend towards increase in nitration ([Table 2](#tbl2){ref-type="table"}). In the MCI IPL, we found five protein spots that showed a significant increase in nitration compared to the age-matched controls ([Fig. 2D](#fig02B){ref-type="fig"}). These proteins identified in MCI IPL compared to age-matched controls were α enolase (*P* \< 0.05), glucose regulated protein precursor (*P* \< 0.05), aldolase (*P* \< 0.05), glutathione-S-transferases Mu (GSTM3) (*P* \< 0.05), multidrug resistant protein (MRP3) (*P* \< 0.05) and 14-3-3 protein gamma (*P* \< 0.05). In MCI hippocampus, α enolase, MDH, peroxiredoxin 6 (PR VI), dihydropyrminidase like-2 (DRP-2), Fascin 1 and HSPA8 protein were identified to be nitrated in MCI hippocampus compared to age-matched controls. In MCI hippocampus, nitration for the following proteins was increased: α enolase (*P* \< 0.01), PR VI (*P* \< 0.02, DRP-2 (*P* \< 0.01), Fascin 1 (*P* \< 0.04) and HSPA8 (*P* \< 0.05). As in IPL, MDH (*P* \< 0.06) showed a trend toward increase in nitration. Further, the pI and the molecular weight reported in the mass data for all the identified protein spots were consistent with the spot position on the gel. The proteomics-identified nitrated proteins in MCI hippocampus and IPL are shown in the [Table 2](#tbl2){ref-type="table"}. Further, to validate the correct identity of the protein, we immunoprecipitated HSPA8 ([Fig. 3](#fig03){ref-type="fig"}). The gel map obtained from the immunoprecipitated MCI hippocampus supernatant showed a spot corresponding to HSPA8 missing ([Fig. 3B](#fig03){ref-type="fig"}) and the blot probed with anti-3NT antibody ([Fig. 3C](#fig03){ref-type="fig"}) showed a spot at the same position of the nitrated HSPA8 protein spot on the nitrated protein blot ([Fig. 1D](#fig01B){ref-type="fig"}).

![Sypro ruby stained gels from control **(**A) and MCI hippocampus **(**B). '(C)' and '(D)' represent Western blots for detection of the level of nitrated proteins from control and MCI hippocampus. In hippocampus, total protein nitration was significantly increased in MCI brain compared to that of control. Protein (250 g) was loaded per gel for detection of protein expression and oxidation. A box is drawn around the area that is enlarged in [Figure 1B](#fig01B){ref-type="fig"}.](jcmm0011-0839-f1a){#fig01A}

![Enlarged section of [Figure 1A](#fig01A){ref-type="fig"}.](jcmm0011-0839-f1b){#fig01B}

![Sypro ruby stained gels from control **(**A) and MCI IPL **(**B). '(C)' and '(D)' represent Western blots for detection of the level of nitrated proteins from control and MCI IPL. In IPL, total protein nitration was significantly increased in MCI brain compared to that of control. Protein (250 g) was loaded per gel for detection of protein expression and oxidation. A box is drawn around the area that is enlarged in [Figure 2B](#fig02B){ref-type="fig"}. GRP78- Glucose regulated protein, MRP3-Multidrug resistance protein 3.](jcmm0011-0839-f2a){#fig02A}

![Enlarged section of [Figure 2A](#fig02A){ref-type="fig"}.](jcmm0011-0839-f2b){#fig02B}

###### 

Proteomics characteristics

  **GI accession number; identity of oxidatively modified proteins in MCI hippocampus and IPL**   **Brain Region**   **Protein nitration (% Control)**   **\# Peptides matched of the identified protein**   **Percent coverage of the protein by the matched peptides**   **pI, Mr (kDa)**   **Mowse score**
  ----------------------------------------------------------------------------------------------- ------------------ ----------------------------------- --------------------------------------------------- ------------------------------------------------------------- ------------------ -----------------
  **015438-03-05-00; Multidrug resistance protein 3 (MRP3)**                                      IPL                189 ± 30                            7/49                                                34%                                                           5.22,31.5          65
  **P61981; 14-3-3 protein γ**                                                                    IPL                326 ± 38                            7/30                                                31%                                                           4.8, 28.3          61
  **P21266-00-00-00; GSTM3**                                                                      IPL                236 ± 23                            7/37                                                33%                                                           5.3, 26.8          61
  **P06733; α enolase**                                                                           IPL                340 ± 45                            7/22                                                26%                                                           6.99,47            65
  **P11021; Glucose regulated protein precursor**                                                 IPL                136 ± 55                            10/29                                               22%                                                           5.07,72.4          77
  **P04075-00-01-00; Aldolase**                                                                   IPL                297 ± 35                            8/36                                                36%                                                           8.55,39.6          68
  **Gi\|48257068; HSPA8**                                                                         Hippocampus        576 ± 34.1                          12/31                                               31%                                                           5.36, 64.8         105
  **Gi\|13623415; Fascin 1**                                                                      Hippocampus        164 ± 49.5                          7/14                                                18%                                                           6.84, 55.2         80
  **Gi\|77744395; Peroxiredoxin**                                                                 Hippocampus        143 ± 11                            8/27                                                41%                                                           6.00, 25.1         124
  **Gi\|45501286; Dihydropyrminidase like-2**                                                     Hippocampus        273 ± 9.08                          10/24                                               27%                                                           5.95, 62.7         146
  **Gi\|15174339; Malate dehydrogenase**                                                          Hippocampus        380 ± 32.6                          13/38                                               39%                                                           6.91, 36.6         125
  **Gi\|14530765; α enolase**                                                                     Hippocampus        830 ± 21.6                          12/48                                               32%                                                           7.01, 47.5         92

![Validation of protein identified by MS using immunoprecipitation and Western blot analysis: **'**A' represent gel of total hippocampus protein, a box is drawn around the HSPA8, which is one of the nitrated protein. **'**B' represents gel obtained from the supernatant of immunoprecipitation sample that lacks the HSPA8 protein. Represent blot probed with 3- NT antibody. n = 3.](jcmm0011-0839-f3){#fig03}

Discussion
==========

As noted above, our laboratory recently showed that the level of the protein nitration is elevated in hippocampus and IPL brain regions of subjects with amnestic MCI compared to control brain \[[@b31]\]. However, the present paper is the first to report the identity of individual brain proteins specifically nitrated in amnestic MCI brain. In the present study, we identified nitrated proteins in MCI hippocampus and IPL compared to their respective controls, in order to better understand the regional effects of nitration in MCI and to gain insight into the mechanisms of progression of MCI to AD. Previous studies from our laboratory have identified the specifically nitrated proteins in AD brain \[[@b2]\].

The proteins that were found to be specifically nitrated in hippocampus include: HSPA8 protein, Fascin 1, Peroxiredoxin 6, Dihydropyrminidase like-2, MDH, Enolase 1 (α). In IPL, we found α enolase, glucose regulated protein precursor, aldolase, GSTM3 and MRP3 proteins, and 14-3-3 protein to be excessively nitrated compared to control. Some of these proteins were previously reported to be nitrated in AD brain \[[@b2]\], and this difference conceivably could be attributed to different levels of amyloidpeptide and/or oxidative stress. These proteins are involved in regulation of a number of important cellular functions including: energy metabolism, cellular signalling, antioxidant and detoxification, in addition to regulating structural functions of brain cells ([Table 3](#tbl3){ref-type="table"}).

###### 

Functionalities of identified nitrated proteins in MCI hippocampus and IPL

  **Functions**                                   **Proteins involved**
  ----------------------------------------------- ---------------------------
  **Energy or mitochondrial dysfunction**         α enolase
  Glucose regulated                               
  protein precursor                               
  Aldolase                                        
  Malate dehydrogenase                            
  **Antioxidant**                                 GSTM3
  **Defense/Detoxification system dysfunction**   MRP3 protein
  Peroxiredoxin                                   
  Heat shock                                      
  protein 70 (HSPA8)                              
  **Structural dysfunction**                      Dihydropyrminidase like-2
  Fascin 1                                        
  **Cell signaling dysfunction**                  14-3-3 protein γ

Energy or mitochondrial dysfunction
-----------------------------------

α enolase, glucose regulated protein precursor and aldolase are the energy-related proteins that were identified to be nitrated in MCI IPL. We found enolase and MDH as nitrated proteins in MCI hippocampus. The only common target protein of nitration in MCI hipocampus and IPL, the brain regions that are severely affected in AD, is α enolase. Recently, we reported the oxidation of enolase in the MCI hippocampus indexed by protein carbonyls \[[@b33]\], and in addition previous studies of AD and cell culture models of AD showed an increased oxidation of enolase \[[@b2]\]. ATP, the energy source of the cell, is extremely important at nerve terminals for normal neural communication. Decreased levels of cellular ATP at nerve terminals may lead to loss of synapses and synaptic function, and may ultimately contribute to memory loss in amnestic MCI patients. The nitration of these proteins that are involved in energy metabolism may disrupt neuronal energy metabolism and ion homeostasis thereby impairing the function of membrane ionmotive ATPases and glucose and glutamate transporters \[[@b43]\], loss of membrane asymmetry and signal transduction. Such oxidative and metabolic compromise may thereby render neurons vulnerable to excitotoxicity and apoptosis. Our finding of the nitration of the proteins that are involved in energy metabolism correlates with the altered energy metabolism reported in brain in an advanced stage of MCI \[[@b45]\]. Positron emission tomography (PET) studies also show a pattern consistent with the reduced cerebral glucose utilization in AD brain \[[@b48]\].

Antioxidant or detoxification system dysfunction
------------------------------------------------

GSTM3 and MRP3 proteins were found to be nitrated in MCI IPL. Peroxiredoxin 6 and heat shock protein 70kD isoforms 8 (HSPA8) are found to be nitrated in MCI hippocampus. These four proteins play an important role in regulating cellular process by decreasing the levels of oxidants or by removing toxic compounds that are generated in the cell. In MCI hippocampus and IPL increased levels of protein-bound 4-hydroxy-2-trans-nonenal (HNE), a highly reactive lipid peroxidation product have been found \[[@b50]\]. In AD brain, GST protein levels and activity were reported to be decreased; in addition, GST was the found to be oxidatively modified by HNE \[[@b36]\].

Peroxiredoxin can reduce peroxynitrite at a high catalytic rate, which may modulate protein nitration and cell damage \[[@b51]\]. In addition, peroxiredoxin plays roles in cell differentiation and apoptosis. The decrease in the activity of this enzyme may also lead to decreased phospholipase A2 activity, one of the target proteins regulated by peptidyl prolyl *cis/trans* isomerase (Pin 1), a protein that has been reported to be down-regulated and have decreased activity in AD brain \[[@b52]\].

Ralat *et al.*\[[@b55]\] have shown that the enzyme GST forms a complex with Prx VI in order to alter both enzyme activities. These proteins work in coordination with one another either directly or indirectly thereby protecting the cell from toxicants. These results provide insight into how the changes of these proteins may contribute to tau hyperphosphorylation and neurofibrillary tangle formation, in addition to development of oxidative stress.

HSPA8 is a member of the heat shock protein family. The main function of heat shock proteins/cognates is to act as chaperone proteins by repairing misfolded proteins. Numerous heat shock proteins have been found to be oxidatively modified in disease or disease models, including AD \[[@b41]\] and Huntington\'s disease \[[@b56]\], including Hsc71, Hsp90 and Hsp60, respectively. Impairment of HSPA8 may exacerbate protein misfolding and protein aggregation, leading to reduced effective proteosomal activity. Aβ peptide aggregates are the major components of senile plaques, which are a hallmark of AD pathology. A-treated synaptosomes show that heat shock proteins are oxidatively modified \[[@b57]\], further illustrating the importance of functioning heat shock proteins in the cell.

Cell signalling dysfunction
---------------------------

14-3-3-protein gamma is found to be nitrated in MCI IPL. 14-3-3 gamma is a member of the 14-3-3 protein family, and are involved in a number of cellular functions including signal transduction, protein trafficking and metabolism \[[@b58]\]. The levels of 14-3-3 proteins are increased in AD brain \[[@b60]\], AD CSF \[[@b62]\] and in ICV-delivered Aβ and neuronal models of AD \[[@b40]\]. The nitration of 14-3-3 γ could change its conformation, which conceivably could lead to altered binding to two of its normal binding partners, glycogen synthase kinase 3(GSK3β) and tau. One of the isoforms of 14-3-3 can act as a scaffolding protein and simultaneously bind to tau and GSK3βin a multiprotein tau phosphorylation complex \[[@b64]\]. This complex may promote tau phosphorylation and polymerization \[[@b65]\], leading to the formation of tangles and further leading to neurodegeneration in AD.

Structural dysfunction
----------------------

DRP-2 and Fascin 1 were identified as nitrated proteins in MCI hippocampus. DRP-2 is a member of the dihydropyrimidinase-related protein family that is involved in axonal outgrowth and pathfinding through transmission and modulation of extracellular signals \[[@b67]\]. DRP2 has been reported to be associated with neurofibrillary tangles (NFT), which may lead to decreased levels of cytosolic DRP-2 and eventually lead to shortened neuritic and axonal growth. Such outcomes would accelerate neuritic degeneration in AD \[[@b69]\], which is one the characteristic hallmarks of AD pathology. Increased oxidation \[[@b41]\] and decreased expression of DRP-2 protein was observed in AD. In adult Down\'s syndrome (DS) \[[@b70]\], fetal DS \[[@b71]\], schizo-phrenia and affective disorders DRP-2 has lower levels in brain. Since memory and learning are associated with synaptic remodelling, nitration and subsequent loss of function of this protein could conceivably be involved in the observed memory decline in MCI. Moreover, the decreased function of DRP-2 could be involved in the shortened dendritic length and synapse loss observed in AD \[[@b72]\].

Fascin 1 (FSCN1) is a structural protein also known as p55 \[[@b73]\] and is involved in cell adhesion \[[@b74]\] and cell motility \[[@b75]\]. It is a marker for dendritic functionality \[[@b76]\]. Addition of p55 has been shown to protect cells from oxidative stress produced by an insult \[[@b77]\]. The identification of this protein as nitrated in MCI brain is consistent with the notion that loss of function of this protein lessens protection against oxidative damage and could be an important event in the transition of MCI to AD. FSCN1 has also shown to interact with protein kinase Cα(PKCα), which regulates focal adhesions \[[@b78]\]. Impairment of this protein can be related to faulty neurotransmission from the affected dendritic projections. Although there is no known research relating FSCN1 to neurodegenerative diseases, FSCN1 has been viewed as a potential biomarker for certain cancers \[[@b79]\].

In conclusion, the redox proteomics-identified nitrated proteins in MCI brain play important roles in different neuronal functions and are directly or indirectly linked to AD pathology. Comparative analysis of nitrated proteins between MCI IPL, and hippocampus brain regions showed enolase as a common target of nitration. This suggests that energy metabolism may be among the first cellular properties that become severely affected in MCI. A similar sensitivity to energy metabolism was observed in AD brain \[[@b2]\]. Further, we identified DRP-2 as a commonly nitrated protein in AD and MCI brain. In addition, we also found different isoforms of GST and MRP-1 as nitrated in MCI compared to oxidative damage in AD. All these data suggest that nitration of these proteins could be one of the mechanisms that may trigger the conversion of MCI to AD. Future studies using animal models of the different stages of this dementing disorder should help in further delineating the mechanisms of MCI pathogenesis and to develop effective therapies to combat conversion of MCI to AD.
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